In this work, nanometer TiO 2 modified by cetyl trimethyl ammonium bromide (CTAB) was used as adsorbent for solid-phase extraction (SPE) of Parathion in environmental water samples. Adsorbed Parathion was then desorbed with different eluents and determined by gas chromatography (GC)/ flame ionization detection. Greater selectivity, resolution, and sensitivity have been seen by GC compared with other methods. Parameters that might influence the extraction efficiency, such as the eluent type and its volume, adsorbent amount, sample volume, sample pH and sample flow rate, were optimized. Under the optimized extraction conditions with toluene as the eluent, the experimental results showed the excellent linearity of Parathion (R 2 > 0.99) over the range of 0.01-0.8 μg/mL, and the relative standard deviation was 6.3% (n ¼ 5). The detection limit of the proposed method could reach 0.024 ng/mL based on the ratio of chromatographic signal to base line noise (S/ N ¼ 3). Recovery of 93% was achieved with spiked water samples. The method was successfully applied to the analysis of surface water samples.
INTRODUCTION
During the last years, organophosphorus (OPP) pesticides have been widely used in agriculture due to the fact that they are inexpensive, effective in controlling pests of most crops and less persistent than other pesticides (Samadi et al. ; Soisungnoen et al. ; Zhao et al. ) . Parathion is one of the OPP compounds. These pesticides are released to the environment, especially in surface and ground waters. Since they are acetylcholinesterase inhibitors, they are considered toxic to humans and their residues must be removed to satisfy the actual environmental regulations (Pedrosa et 
MATERIALS AND METHODS

Reagents and solutions
Rutile nanometer TiO 2 (the diameter is 5-10 nm) was pur- 
Modification of nano TiO 2 with CTAB
Rutile nanometer TiO 2 (10 g) was dispersed in 100 mL aqueous solution of 3 mol/L NaOH and placed into a teflonlined autoclave with 80% filling factor. Then the autoclave was heated at 200 W C for 1 h to prepare the hydrolyzed nanoparticles sample. A white precipitate was isolated upon filtration and washed repeatedly with 500 mL of hot ultrapure water until the supernatant pH value attained 9. In the second step, the aqueous solution containing the precipitate was neutralized using 0.1 mol/L HCl solution until the pH value of 7 was reached. The precipitate was then subsequently 
where R is recovery of Parathion, c 0 is the initial concentration and c is the equilibrium concentration of pesticide. shows that CTAB was successfully coated onto the TiO 2 nanoparticles, and the image shows porous and uniform size distribution of adsorbent.
RESULTS AND DISCUSSION
Sorbent characterization
Effect of sample pH
The effect of pH was investigated over the range of pH 1-12 and the results are shown in Figure 3 . It was found that very low and high pH of solutions had a negative effect on the extractions. The reason is that the surface of TiO 2 is positively charged at pH values less than its isoelectric point, which is about 5.0, so the adsorption of CTAB (a cationic surfactant) molecules decreases. In alkaline pH (pH > pHzpc), due to the -OH on the surface, TiO 2 is nega- 
Effect of eluent volume
The volume of the eluent has a great effect on the elution efficiency. Eluent volumes in the range of 5-20 mL were tested. It suggested that to get the best recovery, Parathion needs a volume of eluent more than 5 mL.
Thus, to achieve complete elution of the Parathion, 10 mL toluene was utilized in the experiments. Figure 5 shows the effect of eluent volumes on Parathion recovery.
Effect of sample volume
Different volumes (25-175 mL) of surface water were spiked with 0.1 μg/L of Parathion and preconcentrated by nanometer TiO 2 modified by CTAB packed cartridge column.
The recovery decreased slightly with the increase of sample volume from 100 to 175 mL. Based on these results, the sample volume of 100 mL was selected in the subsequent analysis. Figure 6 shows the effect of sample volume on Parathion recovery.
Effect of amount of cartridge packing
The effect of the adsorbent amount on the recovery of Parathion was investigated. Eight different amounts were tested (0.1-0.8 g) for the preconcentration of Parathion in water.
Obtained results (Figure 7 ) showed insignificant differences in recoveries among the different amounts of cartridge packing. Therefore, adsorbent amount of 0.6 g was rec-
ommended for the extraction of Parathion.
Effect of sample flow rate
Since the flow rate of the sample is an important factor for the recovery of parathion, its effect was examined under the optimum conditions over the range of 1-5 mL/min. As shown in Figure 8 , optimal flow rate was 1 mL/min, which was selected for further use in this work.
Application to environmental water samples
To evaluate the feasibility of TiO 2 modified with CTAB in the application of environmental sample analysis, all Table 1 and the chromatograms of the blank and spiked surface water are exhibited in Figure 9 . Using this method, little matrix effect was found for the SPE of Parathion.
Method characterization
For the precision of this method, the experiment was carried out for five replicate samples spiked at 0.1 μg/mL, using the optimum conditions described above. The recovery of Parathion was 93.2% and the relative standard deviation was 6.3%. Under the conditions selected above, calibration graphs were linear in the range of 0.01-0.8 μg/mL. Calibration equations, correlation coefficient 
CONCLUSION
In this study, CTAB was used as a modifier on TiO 2 nanoparticles which enhanced the adsorption efficiency of the SPE method. The effects of sample pH, elution solvent and adsorbent amount on the recovery of Parathion were investigated. The method was efficient in the extraction of Parathion from spiked water samples, and under the optimized conditions, the method showed appropriate sensitivity (limit of detection ¼ 0.024 ng/mL), good linearity and accuracy. 
